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Three Years of 
Successful GaAs Wafer  
Manufacturing 
With a well-established experience of III-V compounds, FREIBERGER began commercial 
production of single crystal and wafer production for the worldwide market three years ago 
(cf.llI-Vs Review, Vol.6, No. 1). Plans are progressing well to considerably expand and 
also stabilize our market position as a world-class substrate supplier. 
T 
he basic company concepts 
are as follows: 
• production of GaAs substrates for 
microelectronics and optoelectro- 
nics 
• exclusive application of the LEC 
growing process 
• continuous improvement and opti- 
mization 
• realization of TQM (Total Quality 
Management) 
• expansion of world market shares 
by serving all markets. 
Our main emphasis is placed on: 
• highest possible quality of every- 
thing done 
• short, reliable and consistent deliv- 
ery times 
• favourable prices as a result of 
constant efforts to increase produc- 
tion efficiency 
• extensive R&D program, subsidized 
by the Federal Government of 
Germany and the state of Saxony. 
Programs support the short-term 
stabilization of the single crystal and 
wafer production, as well as the 
necessary preconditions for new pro- 
ducts. 
Important criteria in this develop- 
ment are: 
• rapid implementation of R & D 
results into manufacturing 
• comprehensive information of cus- 
tomers about new developments 
and their implementation 
• close and problem orientated coop- 
eration with all customers in a 
relationship of trust and confidence. 
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Quality Assurance 
A main focus within the company 
policy of E 'REIBERGER/GaAs is to 
ensure the highest quality for all 
products. 
To reach this target it is necessary 
to place responsibility tbr quality on 
all levels of the company (TQM). 
This includes not only the product 
quality but also the quality of devel- 
opment, manufacturing and sales, 
including their interactions. Since the 
beginning of the GaAs wafer produc- 
tion at FREIBERGER/GaAs much 
progress has been made in reaching 
the best quality levels. 
As a result, in January 1995 FREI- 
BERGER / GaAs was awarded the 
ISO 9001 certificate for Quality Sys- 
tems by Germanischer Lloyd QS- 
Zertifizierung GmbH. 
To our knowledge, FREIBERGER 
/ GaAs was the first producer of SI 
GaAs substrates in the world that has 
been awarded this complex quality 
assuring certificate. 
tiated optimization of wafer proper- 
ties for their application in ion 
implantation or epitaxy-based device 
technologies. 
This includes especially the unifor- 
mity of electrical parameters (resistiv- 
ity and EL2 concentration) and their 
behaviour on a mesoscopic scale (100 
to 300 ram) i.e. in the region of cellular 
structure. 
This uniformity appears to be most 
important for good functional yields 
of devices manufactured by ion im- 
plantation technology. 
For devices manufactured by epi- 
taxy-based technologies (MBE,  
MOCVD) in addition to good uni- 
formity of the electrical parameters 
closest attention is paid to the "epi 
ready' surface quality and its con- 
stancy in time. 
A noticeable increase in the ingot 
length of C-controlled and C-doped 
SI GaAs with improved axial unifor- 
mity of the carbon concentration (see 
Figure 2) and, therefore, the electrical 
parameters could be achieved by a 
special medium pressure growth tech- 
nology with automatically controlled 
C-doping. 
The average wafer yield per 3-in 
and 4-in ingots is > 100 and >75, 
respectively, i.e. yields have been 
increased by more than 50% during 
the last years. 
Data showing maximal axial and 
radial deviations of resistivities are 
given in Table 1. 
Recently, a crystal puller equipment 
for growing GaAs (LEC) ingots with 
large diameters (>4-in) has been 
successfully put into operation at 
FREIBERGER. 
Figure 1 shows the equipment and a 
6-in ingot grown by the new equip- 
ment at FRE1BERGER. 
Improved uniformity of the electri- 
cal parameters down to mesoscopic 
scale (100 to 300 lam) could be 
achieved by medium pressure growth 
technology with a special post-anneal- 
ing treatment of ingots introduced 
into SI production for all crystals in 
October last year. 
Figure 3 shows the distribution of 
the EL2 concentration on a meso- 
scopic scale which is the most im- 
por tant  factor  determin ing the 
uniformity of the electrical para- 
meters. 
From literature it is known that 
some main device parameters are 
strongly correlated with this local 
uniformity. In particular, the stan- 
dard deviation of the threshold vol- 
tage V,h of MESFETs manufactured 
by ion implantation can be remark- 
ably reduced for GaAs wafers with 
good mesoscopic homogeneity of 
electrical parameters. 
To obtain better global and local 
wafer flatness, FREIBERGER has 
improved the existing single-side and 
developed a new double-side polish- 
ing technique. Figure 4 shows the 
polishing equipment. Table 2 gives an 
overview of the global and local 
R & D Activit ies 
in addition to the general efforts to 
improve purity, structural and elec- 
trical properties of GaAs ingots and 
wafers - for instance: increase in 
ingot length with simultaneous im- 
provement of uniformity; increase in 
wafer diameter to more than 4"; 
improvement of global and local 
wafer flatness during the last three 
years attention has been paid to 
problems concerning the differen- 
Tahh" 1. The maximal deviations ollaxial and radial resistivity and electron nmhility are summarized 
[br d([l~,rent [( ']  ranges. These values are :zuaranteed hy FRE1BERGER special medium pressure 
growth technohtey with automatically controlh,d carbon doping. 
[C]/(cm -3) (4-9)xt014 (t-3)xlO 15 (4-8)x1015 
p/(108x~cm) (0.09-0.2) (0,25-0.8) (1.1-2,3) 
A pa×/pboule 4- 30% __. 30% 4- 30% 
/kpad/pwafer < +20% < 4-8% < 4-12% 
I.tH/(Cm2/Vs) :> 7000 > 6000 > 5500 
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Table 2. Improvement ()/' the mean values and their deviations ff/ the./lamess parameter ()/'4-in wa/k)rs 
mam(/actured by the improved single side (ss) and newly developed ouble side (ds) palishing 
technique. In the.first line the values ~)/' the./ormer Wacker technology are given./or comparison. 
PRODUCER/Year technique TTV[14m] TIR[~tm] LTV[i.tm] Warp [l~m] 
WACKER '90 ss 5,40_+ 2.30 2.70___ 1.20 - 5.70_+ 2.90 
FREIBERGER '92 ss 5.20+2.33 3,21_+0.96 2.304-0.79 8.12_+2.06 
FREIBERG ER '95 ss 3.59 ___ 1.27 1.77 ___ 0.68 1.42 _+ 0,49 3.57 4- 0.84 
FREIBERGER '95 ds t .45 4- 0.20 1.20 4- 0.08 0.93 4- 0,07 1.98 4- 0.53 
growth process to reduce the etch 
pit density below 10 4 cm.  -2 
• Development of the 6-in wafer 
technology with geometrical para- 
meters and surface quality suitable 
for microelectronic device manufac- 
turing. 
• Further improvement of the 'epi 
ready" - quality. 
flatness parameters of S.I. GaAs 
wafers for the last three years since 
the beginning of product ion at 
FREIBERGER.  
The parameters are continuously 
measured by SuperSort shown in 
Figure 5. 
During the next years, R&D activ- 
ities of FRE1BERGER will be fo- 
cused on: 
• Further improvement of axial and 
radial uniformity of structural and 
electrical properties by means of 
controlled carbon incorporation, 
reduction of residual impurities 
and special  ingot and wafer  
annealing. 
• Optimization of LEC growth tech- 
nology and wafer manufacturing 
for 2-in, 3-in and 4-in ingots with 
respect o cost reduction and qual- 
ity stabilization. 
• Development of a modified LEC 
1.5 
1.0 
0.5 
1,0 b 
1.5 
V V ° 
1() I'5 20 '25 30 35 40 45 50 
distance from ',~lfer oentet [ram] 
Ficure 3. Lateral distrihutimt o[' the EL2 concentration q['a 4-bl umloped S.I. GaAs ( LEC ) h~cot 
measured b.y NIR ahsorpthm with a spatial resolut#m (?/'about 300 IJnl: a as ,erowlt; h - 
staJtdard annealht~, up to October, 1994," (' - special annealing introduced into prmh~ctian 
as the new standard, October 1994. 
Figure 4. Operator lumdlin,g 4-in GaAs waIerx at the double-siLk, polishing machine. 
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Customer service 
In accordance with the company 
policy, FRE IBERGER / GaAs en- 
deavours to establish a close relation- 
ship of trust with all customers. 
In this connection, a comprehensive 
information of customers will be 
continued about the latest results of 
our R&D programs and their imple- 
mentation into production by means 
of a special information service - the 
NEWS. Since autumn 1994, NEWS 
has been published on: 
• Carbon-doped GaAs (LEC) wafers 
with different carbon levels. 
• S.I. LEC GaAs: Improved unifor- 
mity of electrical parameters on a 
mesoscopic scale. 
• Global and local wafer flatness: 
Recent developments. 
Since the beginning of 1994, problem- 
orientated cooperation with all custo- 
mers has been looked after by an 
F(~ure 5. Measur&g the local and global.[fatness parameters o/' the wqfi, rs under cleanroom 
conditions hv SuperSort. 
Application Manager who deals in 
particular with all questions regarding 
wafer properties and their influence 
on consequent process steps up to 
device properties. 
Short-term settlement of all inqui- 
ries and problems is one of the credos 
of our company. 
Prospects - -  World 
Market Share 
The product range of FRE1BERGER 
/ GaAs is mainly concentrated on 
undoped and C-doped S.I. GaAs 
(LEC) substrates for microelectronic 
applications. 
In 1994, FREIBERGER/GaAs by 
our own estimates, occupied the 5th 
place in the world market with a share 
of total world production of 8%. In 
1995, the S.I. GaAs share of world 
production will increase to more than 
12%. With respect o semiconducting 
material for optoelectronic applica- 
tions, FRE1BERGER / GaAs takes 
the 7th place with approximately 4% 
of total world production. 
Company Future 
Fre iberger  E lekt ron ikwerksto f fe  
GmbH has been privatized in August 
1995. 
Silicon for microelectronics was 
taken over by Wacker Siltronic 
GmbH. 
The GaAs division has been taken 
over by Federmann Enterprises a 
leading privately owned Israeli high- 
tec industrial group as: 
FREIBERGER 
COMPOUND 
MATERIALS 
t GmbH 
~I with the 
well-known logo. 
t 
Daimler-Benz AG and Siemens are 
considering minority participation in 
FCM. 
These changes will allow us to focus 
efforts on further consolidation and 
s t rengthen ing  the pos i t ion  of  
FRE1BERGER as a leading supplier 
of GaAs substrates. 
Indeed, the prospective new inves- 
tors have expressed their resolve to 
continue to expand the supply of 
GaAs products to the merchant 
market. 
International Agents: 
West Europe except Germany, 
Austria, UK & Ireland: 
Dr Elie Prudhommeaux, 
Pronwcome, 
68 A re. du General Michel Bizot, 
France. 
Tel: [33] 1 44 73 1000. 
Fax: [33] 1 43 46 8592. 
Germany & Austria: 
Volkmar Geidel 
Freiberger Compound Materials GmbH 
Berthelsdoffer Strasse 113, 
P.O. Box 211, 
D-09584 Freiburg/Sachsen, Germany 
Tel: [49] 3731 278 572. 
Fax: [49] 3731 278 234. 
UK & Ireland: 
Ger O' Cooke, 
Semimat Ltd., 
The Paddock, Waverley A venue, 
Fleet, Hampshire, 
GUI3 8NW, UK. 
Tel: [44] 1252 617 877. 
Fax: [44] 1252 812 362. 
USA: 
DonaM J. Capo, 
FREIBERGER COMPOUND 
MA TER1A LS/USA, 
58 John Dyer Way, 
Doylestown, PA 18901, USA. 
Tel." [1] 215-345-8445. 
Fax. [1] 215 345 6298. 
Republic of China: 
Albert Hong, 
V-TEK Co Ltd., 
No. 54, Lane 99, 
Sec 2, Tien Hsin Rd, 
ROC- Taichung, Taiwan. 
Tel: [886] 4527 4675. 
Fax: [886] 4527 8323. 
Korea: 
Jong Hyun Lee, 
Seokvo Commerce Co Ltd., 
Baekje Bhlg. #201, 
980-29, Bang Bae Dong, 
Seochoku Seoul, 
137-D60 Korea. 
Tel: [82] 2597 3961. 
Fax. [82] 2597 3964. 
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